INTRODUCTION
How aggregates of cells are able to coordinate their activities as an organ system is a perplexing question in biology. The recent work of Loewenstein and Kanno (6) demonstrating free ~ow of ions and fluorescein molecules between individual cells in the salivary gland of Drosophila begins to throw light on this problem. The extension of this work to several other epithelial systems (7) opens the possibility that such communication is a general phenomenon in cell aggregates. The purpose of this investigation was to determine whether mammalian liver cells are coupled ionically.
Several morphological characteristics of the mammalian liver recommend it for this study. The whole liver parenchyma may be viewed as a single, richly branching sheet of cells (3). Each liver cell is surrounded by approximately eight others, and the groups of cells form plates which are continuous throughout the entire liver. Of particular interest in regard to cell communication are the tight junctions between liver cells, the zonula occludens described by Farquhar and Palade (4).
These tight junctions and the similar septate junctions (7, 9) have been described as being associated with free ionic flow between cells.
METHODS
Mice were anesthetized with ether, the abdomen opened, and the liver extracted and placed in Krebs' solution at room temperature (70-78°F). Most experiments were carried out on the cells of the liver edge where the thin layer of cells could be viewed by transillumination (Fig. 1) . Cells of the outermost layer were impaled with KCl-filled microelectrodes. These cells were identified visually by direct microscope observation and electrically by the sudden appearance of a resting potential when the electrode penetrated the cell membrane. One microelectrode passed rectangular current pulses between the inside of the cell system and the outside bath solution (grounded). One or two other intracellular microelectrodes recorded the resulting resistive voltage drops across the cell membranes (Figs. 2 and 3 , insets) at various distances from the current electrode. Membrane voltage was fed through a high-impedance input stage to one beam of an oscilloscope, while on a second beam the membrane current was displayed (see Loewenstein and Kanno for details of technique, reference 6).
In the in situ experiments, the mice were anesthetized with pentobarbital, 50 mg/kg injected intraperitoneally. The abdominal cavity was opened, filled with Krebs' solution, and grounded. To prevent the breaking or dislodging of microelectrodes due to movement of the liver with respiration, especially designed compliant microelectrode holders were used.
RESULTS

In Vitro Experiments
Fig. 2 illustrates a typical experiment in which current ranging from 0.1 to 6 X l0 -7 amp was passed from the inside to the outside of the cell. The resulting changes in membrane voltage were measured by microelectrodes placed in cells 8.3 and 33 Iz away from the current-passing microelectrode. The striking result is that the voltages are almost equal in the two cells for any given current. Thus, the resistance from the interior of one cell to that of the next must be low compared with the resistance of the liver surface.
Electrical coupling is shown further in a variation of the above experiment in which the current passed into the first cell is kept constant, while the voltage-recording microelectrode is moved from cell to cell along the liver edge. The voltage change resulting from a current of 6 X l0 -7 amp decreases uniformly with distance and can still be detected at 332 tz from the current source, a distance of approximately twenty cells (Fig. 3) .
Communication between liver cells extends throughout the liver. Experiments mapping the intracellular distribution of current around an intraeellular current source showed a nearly uniform flow in all directions along the liver surface and into its depth.
Control In Situ Experiments
The preceding results were obtained on isolated liver preparations. The conditions had several technical advantages over in situ conditions: i.e., the preparation was immobilized; it could be transilluminated; and, it could be studied for long periods of time, up to 1 ~ hr. For control purposes, a series of experiments was done in situ (see Meth- Only when the recording microelectrode was in a liver cell, identified by a characteristic cell membrane potential, was a resistive voltage drop recordable. When, on the other hand, a region without a resting potential was entered, presumably a sinusoid or lumen of a blood vessel, no resistive voltage was recorded.
T h e location of the low-resistance pathway between cells remains to be determined. However, morphologically the zonula ocdudens, where the membranes of adjoining cells are in most intimate contact, seems a likely area for ionic communication. This kind of junction and the related septate junction have been found to be associated with low-resistance coupling in other epithelial cell systems (6, 7) and in electrical synapses (2, 5, 8) . Of interest in this connection is the recent report by Benedetti and Emmelot of a hexagonal subunit structure found in isolated membranes of liver cells (1). This structure is similar to that seen in the electrical synapse of the M a u t h n e r cell (8) and the electrically coupled epithelial cells of the salivary gland (9) . Thus, in three very different kinds of tissues, nerve synapse, salivary gland, and liver, electrical conductance between cells has been shown to be associated with a particular subunit arrangement of m e m b r a n e material. T h e present study adds another important cell system to the growing n u m b e r of tissues found to have intercommunicating cells. This is the first instance in which a muhilayered system is connected in all directions. These results emphasize the fact that cell aggregates can no longer be thought of in terms of single cells alone.
S u m m a r y
Intercellular ion communication between mouse liver cells is shown. T h e communication is in all directions throughout the liver; each cell is ionically connected with its neighbors in all planes.
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